T1 value, unlike STIR. However, using spoiler gradients makes CHESS imaging sensitive to magnetic field inhomogeneities (6, 7) . Therefore, this technique should be used with high-field-strength magnets.
In-phase and opposed-phase imaging
This technique depends on precessional frequency difference of fat and water protons. Immediately after the radiofrequency (RF) pulse, fat and water protons will be in the same phase (in-phase). However, since fat precesses slower than water, after a specific time water protons will complete a 360° rotation unlike fat protons, which will only be able to complete a 180° rotation. Thus fat and water protons will be opposed phase to each other. This phase cycling corresponds to 2.2 ms intervals (4.4 ms for in-phase and 2.2 ms for opposed-phase) at 1.5 T (7, 8). The opposed-phase images are differentiated from in-phase images by the characteristic India ink artifact. At the interface between fat and nonfat tissue (fat-muscle or fat-abdominal solid organ), equal number of fat and water protons cause signal loss outlining the abdominal organs and musculature (8) .
In-phase and opposed-phase imaging is an irreplaceable sequence since it demon strates microscopic (intracellular) fat unlike other techniques. Thus, intracellular lipid-containing lesions such as focal hepatic steatosis, hepatocellular, and adrenal adenomas can easily be diagnosed (8, 9) .
SPIR and SPAIR
Spectral presaturation with inversion recovery (SPIR) and spectral presaturation attenuated inversion recovery (SPAIR) are obtained by both selective excitation of the fat and T1 relaxation techniques. Initially an inversion pulse is applied. Unlike STIR, it is designated to excite only fat protons. Subsequently, as the fat protons pass through the null point, a conventional MRI sequence is started. Because the inversion pulse is specific to fat protons, tissues that have similar T1 values with fat, such as contrast-enhanced tissues, will not be suppressed, unlike STIR.
SPIR and SPAIR are differentiated by the flip angle of the initial inversion pulse. RF pulses of 180° and slightly greater than 90° are used in SPAIR and SPIR techniques, respectively (7). Avoiding 180° pulse in SPIR technique saves time; however, SPIR is sensitive to magnetic field inhomogeneity (7).
Dixon technique
The principle of Dixon technique depends on in-phase and opposed-phase imaging (10) . In the two-point Dixon method, four sets of images are acquired; first two are the aforementioned in-phase and opposed-phase images. The last two images are water-only and fat-only images reconstructed by adding and subtracting in-and opposed-phase images, respectively. However, magnetic field inhomogeneity, which is ignored in two-point Dixon imaging, leads to calculation and phase errors.
To overcome this drawback an extra image set is acquired in modified Dixon imaging (three-point Dixon). The third set of images is obtained at the next in-phase. Thus, two sets of in-phase images are achieved in three-point Dixon technique and they should have the same phase behavior. Any differences between these two in-phase images can be attributed to phase errors and corrected (7, 11).
Water excitation
Due to precessional frequency difference of fat and water protons, fat suppression can be achieved by exciting only the water protons with the adjusted RF pulses (every 2.2 ms at 1.5 T). This technique is less sensitive to magnetic field inhomogeneity than CHESS and SPIR.
Clinical applications Liver
Macroscopic fat containing liver lesions, such as lipomas, can easily be diagnosed on CT by its characteristic findings. However, in some cases the CT findings can be inconclusive and confusing. Among the most confusing liver lesions on CT are the focal fat sparing and deposition in the liver parenchyma. Although the diagnosis of these abnormalities might be easier in typical locations such as near the gallbladder fossa, medial segment of the left hepatic lobe, or close to the falciform ligament (12, 13) , in atypical locations and in case of unconventional morphology, the diagnosis can be difficult. Focal steatotic changes are more and more commonly seen in oncologic patients due to complex and prolonged chemotherapy (14) . Therefore, in case a new liver lesion detected in the follow-up of these patients,
Main points
• Presence of fat in a lesion significantly limits the differential diagnosis.
• Focal benign fat deposition in liver and pancreas may mimic metastasis, particularly in patients with malignancy.
• A hypodense lesion without negative HU on CT can contain fat.
• Small amounts of fat may be invisible on CT but can be detected by MRI using in-and opposed-phase imaging. focal fatty change should be considered, especially if it is detected in conventional locations ( Fig. 1 ). In such cases, MRI should be performed to detect the focal fatty changes and intracellular fat, which can be impossible to detect on CT (Figs. 2-4). Another challenging liver lesion is the hepatic adenoma. Intracellular fat content was reported in 35%-77% of cases on in-phase and opposed-phase MRI (15, 16) . Even more confusingly, hepatic adenomas can also demonstrate FDG avidity and can easily be reported as a metastatic focus in the liver of oncology patients. In such cases in-phase and opposed-phase MRI might reveal the fat content that is invisible on CT and prevent diagnostic confusion and invasive procedures, as well as the emotional stress on the patient (Fig. 5 ).
Portal vein thrombosis may cause parenchymal fatty replacement (17) . CT findings may be subtle or questionable for a mass. MRI should be preferred to show fatty parenchymal changes, which cannot be diagnosed by CT (Fig. 6 ).
Small foci of fat can also be visualized in angiomyolipoma, liposarcoma, lipoma, and hydatid cysts in the liver (9, 16) . Especially in patients with hydatid liver disease, the detection of fat globules in the cyst is an extremely important finding, which might indicate the presence of an abnormal communication between the hydatid cyst and the biliary system. As the presence of this abnormal communication will preclude the patient from conventional percutaneous therapy, they should be meticulously searched for in these patients. They can also be visualized in CT but might be difficult to detect, especially to an inexperienced eye, when they are small in size (18) (Fig. 7) .
Adrenal gland
Adrenal adenomas are the most common adrenal lesions, found in 9% of the general population (7, 19, 20) . Adrenal adenoma is differentiated from other pathologies mostly by the presence of intracellular fat, which cannot be visually detected on CT. For quantitative evaluation of these adenomas by CT, an initial unenhanced CT imaging is acquired. If the attenuation value of the lesion is less than 10 HU, a diagnosis of lipid-rich adrenal adenoma can be made with a high level of confidence. If the attenuation value is greater than 10 HU as seen in case of lipid-poor adrenal adenomas, then, a multiple phase CT study with intravenous contrast administration should be planned (20) . Alternatively, MRI with in-phase and opposed-phase imaging can also be used to detect the intracellular fat content without any use of radiation or intravenous contrast material.
In addition, hepatocellular carcinoma metastases to adrenal glands may contain fat and should not be confused with adenoma (21) . Invisible fat in a metastatic lesion can mimic cystic-necrotic degeneration of an adrenal mass on CT and distinction is only possible by MRI (Fig. 8) .
Pancreas
Diffuse fatty infiltration of the pancreatic parenchyma is a common imaging finding, particularly in elderly patients. In typical cases, it can generally be easily diagnosed by ultrasonography and CT. However, the focal fatty infiltration of the pancreatic parenchyma, rather than the diffuse pattern, may pose significant diagnostic difficulty (22, 23) . In some cases, focal fat deposition in the pancreas may mimic a pancreatic malignancy, mostly an adenocarcinoma of the pancreas, and differentiation of these two completely different entities might be difficult, or even impossible, on CT (Fig. 9) .
In case of pancreatic head neoplasia, the absence of pancreatic duct and common bile duct dilatation may be an important diagnostic clue exclude a pancreatic mass; however, it is also very-well known that pancreatic adenocarcinomas of small size may not cause any of the classical findings. The diagnosis by CT might be even more challenging in these cases, and MRI with the application of in-phase and opposed-phase imaging might preclude the patient from a major surgery, with potential significant morbidity and mortality.
Pancreatic lymphangioma is another clinical entity that may underline the importance of MRI. Pancreatic lymphangioma is a rare benign tumor that presents as a cystic mass (24, 25) . Differentiation from malignant cystic carcinoma is challenging unless fluid-fluid level or fat component is revealed. However, fluid-fluid level may also be seen with metastatic pancreatic masses as a result of hemorrhage (26) . Thus, the key to diagnose lymphangioma is to reveal the fat content, which is frequently invisible on CT (Fig. 10) .
Primary pancreatic lymphoma, a rare clinical entity, may appear as a well-circumscribed mass or diffuse involvement of the pancreatic parenchyma. In case of diffuse pancreatic involvement the imaging findings may mimic acute pancreatitis, without clinical signs and symptoms, whereas, the presence of a well-circumscribed mass may mimic an adenocarcinoma (27, 28) . The discrepancy between the lesion size and the absence of main pancreatic duct/common bile duct dilatation can be an important clue to the correct diagnosis. The absence of peripancreatic vessel invasion may also serve as a good indicator to the correct nature of the mass, rather than a pancreatic adenocarcinoma (27) . Encasement of the vessels rather than luminal stenosis or occlusion is a common finding in lymphoma, due to the soft nature of the lymphomatous masses. These findings can also be revealed by CT, but they are not specific. In our experience, we strongly consider that the encasement of the fat may be a more reliable finding than the other findings stated previously. Nevertheless, unlike MRI, engulfed fat by the mass can be invisible on CT and may be detected as a nonspecific hypodense area within the mass, which may mimic the cystic/ necrotic component of an adenocarcinoma (Fig. 11) .
Musculoskeletal tissue
Fat containing musculoskeletal lesions are usually benign and the fat presence can be easily detected on CT, and sometimes even on US. However, that may not be the case in oncology patients as a new lesion should be treated as a metastatic focus, unless proven otherwise. In the differential diagnosis of a newly appearing mass in a cancer patient, a rare clinical entity, a Morel-Lavallée lesion should also be considered, especially in patients with a history of recent trauma (29) . This entity refers to the traumatic separation of the skin from the subcutaneous tissue of the underlying muscular fascia with final formation of a cavity that may be filled with blood, lymph, or fat (29, 30) . CT can be nondiagnostic as to the internal heterogeneity of the mass. However, with MRI the focal fat focus can be detected which is very helpful to reach the correct diagnosis (Fig. 12) .
The conversion of red marrow to yellow (lipid rich) marrow is observed with increased age, and this finding can also be easily diagnosed by MRI (Fig. 13) . Any process that replaces the lipid and hematopoietic components of the marrow, with no signal drop on the opposed-phase images should be approached as bone marrow infiltration, rather than conversion, until proven (31) .
Peritoneum
Peritoneal invasion is commonly seen in patients with ovarian or gastric carcinoma as a result of tumor seeding. Known primary tumor and the classic appearance called omental cake are the key findings. Nevertheless, peritoneal and retroperitoneal space may rarely be invaded by myxoid liposarcoma (32, 33) . CT may demonstrate the mass and its extension; however, further characterization is limited. In addition, CT appearance of myxoid liposarcoma may be confusing due to cyst-like appearance (32, 33) . In fact, cystic appearance of myxoid liposarcoma is due to the lipid content invisible on CT. Thus, revealing fat content aids in diagnosis (Fig. 14) .
Conclusion
Although CT can reveal small subcentimeter lesions thanks to its high spatial resFat detection by MRI • 137 olution, further characterization of these small-sized abnormalities may not be done by CT. However, based on the accumulating clinical experience, it is now known that these subcentimeter hypodensities on CT may encompass invisible fat, which can be made visible by MRI. The demonstration of fat within a lesion is a helpful clinical finding that can potentially narrow the differential diagnosis and may significantly help the imaging specialist to reach the correct diagnosis. 
